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In the last decades, remarkable achievements on metal nanoparticles synthesis 
have been accomplished both in theory and applications. Meanwhile, copper 
nanoparticles synthesis has been increasingly attracting attention owing to their 
novel optical, catalytic, electrical and antibacterial applications. Furthermore, its low 
cost and much abundant resource provide a more sustainable and potential 
alternative to noble metal such as silver and gold.  
There are some preparation methods for copper nanoparticles synthesis on 
reported literature. Among them, liquid chemical reduction route is the most 
promising method from an industrial point of view due to its simple, controllable, 
large-scale operability. However, the synthesis of copper nanoparticles via this 
method encounters two critical problems: (i) the nanoparticles dispersed in liquid 
phase have a strong tendency to agglomerate attributing to their large surface area, 
so that the size of synthesized particle has a wide range distribution; (ii) the 
reducibility of nanoscale copper particles is much greater than that of bulk copper 
powers resulting in copper nanoparticles easily oxidized, thus cuprous oxide or 
copper oxide often come out as product rather than pure copper nanoparticles. 
Therefore the route of organic capping agents, such as CTAB, PVP, oleic acid and 
etc, layer on the surface of copper nanoparticles was introduced to prevent 
nanoparticles from agglomeration and protect from oxidation recently in reported 
research works. 
In this work, steady copper nanoparticles with narrow size distribution were 
prepared in aqueous at room temperature using sodium polyacrylate and hydrazine 
as protecting and reducing agents, respectively. By this method, uniform copper 
nanoparticles with different size with narrow distribution were synthesized via 
adjusting the reaction conditions and the effect of those reaction conditions on the 
production of copper nanoparticles was also investigated. In addition, the influence 















was studied by XRD and NaPA with short chain length was proved to have the best 
protectiveness. Moreover, the coating mechanism of sodium polyacrylate was 
investigated via FT-IR, and then we conjectured that the sodium polyacrylate 
molecule coated on the surface of copper nanoparticles in a bidentate bridging 
structure and on the (100) facet particularly.  
 














Table of Contents 
IV 
目 录 
摘 要 ................................................... I 
Abstract ............................................... II 
前 言 ................................................... 1 
第一章 文献综述 ......................................... 2 
1.1 纳米材料概述 ................................................ 2 
1.1.1 纳米材料性质 .............................................. 3 
1.1.2 纳米材料的表征 ............................................ 4 
1.1.3 纳米材料的制备 ............................................ 7 
1.1.4 纳米材料的应用............................................ 8 
1.2 铜纳米粒子的研究 ........................................... 10 
1.2.1 铜纳米粒子的性质与应用................................... 10 
1.2.2 铜纳米粒子制备的方法、问题及解决途径..................... 12 
1.2.3 液相化学还原法制备铜纳米粒子的现状....................... 15 
1.3 聚丙酸钠的简介 ............................................. 19 
1.3.1 聚丙烯酸钠的合成......................................... 19 
1.3.2 聚丙烯酸钠性质与工业用途................................. 19 
1.3.3 聚丙烯酸钠在纳米材料制备中的应用......................... 21 
1.4 本课题研究的主要内容及研究意义 ............................. 22 
1.4.1 主要研究内容............................................. 22 
1.4.2 研究意义................................................. 22 
第二章 纳米铜的制备与表征 ............................... 23 
2.1 实验部分 ................................................... 23 
2.1.1 实验仪器及试剂........................................... 23 
2.1.2 实验过程................................................. 24 













Table of Contents 
V 
2.3 纳米铜的形成过程 ........................................... 26 
2.4 纳米铜的抗氧化性能分析 ..................................... 26 
2.5 反应条件对纳米铜颗粒的影响 ................................. 26 
2.5.1 还原剂的影响............................................. 27 
2.5.2 保护剂的影响............................................. 27 
2.5.3 温度的影响............................................... 27 
2.5.4 溶液 pH 的影响 ........................................... 27 
2.6 聚丙烯酸钠包覆机理的分析 ................................... 27 
第三章 结果与讨论 ...................................... 28 
3.1 铜纳米粒子的形成 ........................................... 28 
3.1.1 UV-vis 结果分析 .......................................... 29 
3.1.2 SEM 及 TEM 结果分析 ..................................... 30 
3.2 纳米铜抗氧化性能分析 ....................................... 32 
3.3 反应条件对纳米铜颗粒的影响 ................................. 37 
3.3.1 还原剂的影响............................................. 37 
3.3.2 保护剂的影响............................................. 40 
3.3.3 温度的影响............................................... 43 
3.3.4 pH 的影响 ................................................ 46 
3.4 铜纳米粒子的光学性质 ....................................... 47 
3.5 聚丙烯酸钠包覆机理的分析 .................................... 48 
3.5.1 FT-IR 结果的分析 ......................................... 49 
3.5.2 SEM 结果的分析 .......................................... 51 
第四章 结论与展望 ...................................... 54 
4.1 主要结论..................................................... 54 
4.2 展望......................................................... 55 
参 考 文 献 ............................................ 56 
攻读硕士学位期间发表的论文 .............................. 66 













Table of Contents 
VI 
Table of Contents 
Abstract in Chinese …………………………………………………..................Ⅰ 
Abstract in English ……………………………………………………………..Ⅱ 
Introduction ……………………………………………………………………….1 
Chapter 1 Literature Review ……………………………………….................2 
1.1 The Summarization of Nanometer Materials……………………………….......2 
1.1.1 The Nano Materials Properties  ………..………………………………...3 
1.1.2 The Nano Materials Characterization Technology..…….…………………4 
1.1.3 The Nano Materials Synthesis Methods ……………………………..…....7 
1.1.4 The Nano Materials Application………………………………...…………8 
1.2 The Research of Copper Nanoparticles…………………………….……….…10 
1.2.1 The Properties and Application of Cu NPs….………….……..…………10 
1.2.2 The Synthesis Methods, Problems and Solutions of Cu NPs………….…12 
1.2.3 The Status Quo of Cu NPs Synthesized by Liquid Chemical Reduction...15 
1.3 The Summarization of Sodium Polyacrylate…………………………..…..….19 
1.3.1 TheSynthesis of Sodium Polyacrylate………..…………………………..19 
1.3.2 The Properties and Application of Sodium Polyacrylate………..……….18 
1.3.3 The Application of Sodium Polyacrylate in Nano Materials……...……...21 
1.4 The Main Research Contents and Research Meaning……………….………...22 
1.4.1 The Main Research Contents ……………………...……………………..22 
1.4.2 The Research Meaning …………………………………………………...22 
Chapter 2 The Synthesis Method and Characterization of Copper 
Nanoparticles…………………………………………………………..……….…23 
2.1 Experiments Details…………………………………………………..……….23 
2.1.1 The Experimental Instruments…………………………………………….23 
2.1.2 The Experimental Reagents……………………………………………….24 













Table of Contents 
VII 
2.3 The Formation of Copper Nanoparticles………………………..…….……….26 
2.4 The Anti-Oxidation of Copper Nanoparticles………….………………..….…26 
2.5 The effects of Reaction Conditions on Copper Nanoparticles……………...…27 
  2.5.1 The effects of Reducing Agent……………………………………………27 
  2.3.2 The effects of Protecting Agent………………………………….…..……27 
2.3.3 The effects of Reaction Temperature…... …………………………..……27 
2.6 The Study of Coating Mechanism of Sodium Polyacrylate…………………...27 
Chapter 3 Results and Discussion………………………….………………..28 
  3.1 The Formation of Copper Nanoparticles……………………………….……...28 
3.1.1 The Analysis of UV-vis results ….……………………………………….29 
3.1.2 The Analysis of SEM and TEM…………………………………….30 
  3.2 The Analysis of Anti-Oxidation of Copper Nanoparticles…………………....32 
  3.3 The effects of Reaction Conditions on Copper Nanoparticles………………...37 
3.3.1 The effects of Reducing Agent...................................................................37 
3.3.2 The effects of Protecting Agent…………….……..…..…..…..…..…..….40 
3.3.3 The effects of Reaction Temperature…………………..…………………43 
3.3.4 The effects of pH…………………………………………………………46 
  3.4 The Optical Properties of Copper Nanoparticles…………..……….……...….47 
3.5 The Analysis of Coating Mechanism of Sodium Polyacrylate……....……..…48 
3.5.1 The Analysis of FT-IR......................................................…..................49 
3.5.2 The Analysis of SEM…………………….……........ .….......................51 
Chapter 4 Conclusion & Prospect…………………………………………...54 
  4.1 Conclusion……………………………………………………………………54 
4.2 Prospect of working…………………………………………………………..55 
References…………………………………………………………………………56 





























































表 1-1 纳米材料的类型[2] 
Table 1-1 The types of nano materials 







































































































































此法可以分析 20~3500 nm 的粒径分布。显微镜法是一种可靠的粒径观测手段，
一般光学显微镜可以测量 0.8~150 μm 的粒子，而扫描和透射电子显微镜通常观
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